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The use of anion-exchange resins for removal of acids from potato starch
waste-water (after prior removal of proteins and amino acids) was studied. Over
999 of the acids were removed by the process. Data are given on the effect of
influent temperature and flow-rate on column efficiency during the acid adsorption
step. Data are, also given on methods of increasing the concentration of acids in
the eluate by increasing the alkalinity of the eluting agent or by recycling the
eluate. Possible uses for the eluate are discussed.

1. Introduction

The liquid waste effluents of potato starch factories have an extremely high biochemical
oxygen demand (b.0.d.) and therefore require an efficient type of sewage or other waste
treatment. However, the potato starch industry operates on a narrow margin of profit
and probably could afford added waste treatment costs only if this treatment recovered
useful materials from the waste. ‘

Previous publications from this Laboratory have discussed the reverse OSMOSIS
concentration of the effluent,’ the recovery of protein,2 the recovery of potassium and
other cations,’ the laboratory-scale removal of amino compounds by cation-exchange 3
and the operational data required for evaluating the commercial possibilities of the
latter pi.'occss.6 After these treatments, however, phosphoric acid and organic matter,
including sugars and several organic acids, are left in the waste. It thus could still
cause problems of oxygen depletion or eutrophication if allowed to flow into streams
or lakes. The present paper gives dataon the use of anion-exchange resins to remove the
acids. It also discusses possible uses for the recovered acids and the nature of the un-
identified acids present. - : ‘

2. Ex’perimental

The wastes used for this study were the effluents resulting from the amino-acid recovery
step.® These effluents were frozen until needed. v

4 Jon-exchange studies were performed using water-jacketed glass-pipe columns
[l-’in»(25.4 mm) x 48 in (1.21 m) long)” containing 317 ml [24.3 in (~0.617 m)] of wet

a part I in this series is J. Sci. Fd Agric. 1972, 23,745. . .

b Fischer’ & Porter Company. Mention of company Of trade names does not imply endorsement

by the Department over others not named.
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- resin, Two types of weak-base anion-exchange resin® were studied-IRA-68, astandard

(13

ted to dryness in 5 platinum djsh (steam bath). After foyr drops of olive oil were added
the sample was ashed at 600 °C for 1 h. The residue wag dissolved in hot 1:4 HCl ang
transferred to g 100-m1 volumetric flask. Phosphorus was then determined by the
method of Scroggins. 10 Ajp apparatus was first tinsed with hot 1:4 HCI to remove
traces of phosphoruys from detergents, etc.

0.6

Concentration history

Effluent volyme (1)

Figure 1, Concentration history (ratio of acidities, effluent to influent) ang PH of am'on-exchange
effluents, — PH, IRA—68 5==- pH, IRA—93; N—n, IRA-93; ®—e, IRA-68.

3. Results and discussjon
3.1. Adsorption of acids '

For acid adsorption the two resins were used in the free-base form, Figure 1 shows the
effluent pH ang concentration history (ratio of acidities, effluent to inﬂuent) for two
runs. For the rup with the macroreticular resin (IRA-93) influent acidity was 0,12
mequiy, /ml and flow-rate 15,1 b.v. (bed volumes)/hour. For the run with the “gel”-
type resin (IRA-68) influent acidity was 0.16 mequiv./m] and flow-rate 12.0b.y. /h.

~ The superiority of the IRA-68 in this application js evident in the Figure. When the
flow-rate for the IRA-93 Was reduced from 15,1 t0 7.0 b.v./h its performance, though

improved, still did not meet that of the IRA-68 at 12 b.v./h, For this reason the latter
Was used in all furthey studies, ‘

“Kindly furnished by Rohm and Hagg Company, Phﬂadelphia, Pa,
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In the preceding Tuns, influents were kept at 30 °C during the adsorption step- To
examine the effect of changes in influent temperature and flow-rate, a series of runs
was made in groups of three—the members of each group using the. same influent
batch. The first run was made under conditions takenas standard—influent temperature
30 °C, flow-rate 16.2 b.v./h. For the second run the temperature was kept at 30 °C,
but the flow-rate was decreased to 12.0 b.v./h; for the third the flow-rate was kept at
16.2 b.v./h., but the temperature Was increased to 50 °C. Milliequivalents of acid
adsorbed by the column up to the acid break-through point was taken as the measure
of column efficiency- This was determined by measuring, as accurately as possible, the
volume of influent put through the resin and titrating both influent and effluent. The
break-through point was taken as the point where the slope of the pH curve increased
to 45 °C. '

Tasie 1. Effect of influent temperature and flow rate on acid adsorption
Adsorption Change in adsofption
in standard Slow flow, High tem- Influent
runs® (mequiv.) 12:0 b.v./h (%) perature 50°C (%) concentration"

470 +11.1 +1.0 High
468 -1.0 +2.5 High
453 +8.3 . 164 High
447 4+3.6 +5.1 High
458 +9.2 — High
420 +3.6 — Low
448 +4.1 22 Low
404 — +2.6 ’ Low
‘Average +5.6 : 1+2.6
j . //__
162 b.v./h, 30 °C

> High = 0.11 t0 016 mequiv./ml; low = 0.06 t0 0.07 mequiv.jml

Table 1 gives the results. A correction of —0.7% has been added to the higher-
.emperature runs to allow for the expansion of water betweent 30 and 50 °C. Slower
Fow gave an average increase of 5.6 % in amount of acid adsorption, higher temperature
an increase of 2.6%. The effects of these variables, however, might be expected to show
up more with influents of higher concentration. If runs with less-COncentrated influents
are omitted from the averages, the increase in acid adsorption goes up to 6.2% for
slow-flow runs and 3.7% for high-temperature runs.

No pattérn could be detected in effluent acid concentrations from these runs. They
ranged from 12 to 86x107° mequiv./ml and averaged 41x107°. In all cases the
decrease in acidity was over 99%; it averaged 99.6 %. Reduction in phosphorus.
averaged 97.9 o/ for the standard and slow-run flows, 98.6%, for the 50 °C runs.
Phosphorus data are given in Table 2; it can be seen that its concentration, in both
influent and effluent, varies directly with the overall acidity of the influent.

Table 3 shows the effect of the anion-exchange process On c.o.d. and solids con-
centrations. Runs are listed in order of decreasing influent acidity. In runs tWo through
four, acid adsorption proceeded at the standard flow-rate of 16.2 b.v./h. The flow-rate



TABLE 2, Effect

of influent temperature and flow-rate on phosphorus remova]

) Phosphorys in ‘effluent
Phosphorug ) Standard runs, Slow flow, High tem- Total acid

6.2b.v./h, 30 °C

in influent o1 12.0b.v./n berature, 50 °C in influent
- (mg/1 (mg/1) (mg/1) (mg/1) (mequiv./mI)
272 4.0 oo 4.6 , 2.3 0.157
: 244 5.5 3.5 4.8 0.151

244 4.9 4.7 4.7 0.150
182 6.9 6.1 — 0.114
' 85 1.3 — 1.8 ' 0.072 .
60 0.8 0.6 0 0.065
58 14 2.1 — 0.064
TABLE 3, Effect of anjon exchange on ¢.0.d. and solids
Acidity of c.o.d. - Decrease Solids Decrease
influent Influent Effluent inc.o0.d. Influent Effluent in solids
(mequiv. /m) (mg/1) (mg/D) %) (%) %) )
0.156 11210 7780 31 ’ 1.26 0.69 45
0.097 10380 5520 47 0.95 0.43 54
0.0974 - 10380 5460 47 0.95 0.43 55
0.088 . 8640 4420 49 0.88 0.35 60
0.063 5270 3650 31 0.73 0.34 54

0.062 6330 3390 46 0.65 0.29 55
0.058 7030 4380 38 0.62 0.30 52
“ Two runs on the same influent, ' '
TABLE 4, Effect of Wwaste treatment on ¢.0.d., solids and reducing sugars v
‘ Deérease Decrease Reducing
Treatment cod. . inc.o.d, Solids in solids sugars

stage (mg/n (%) (%) (% 679]
Untreated waste 23710 248 0.17«
After protein

and amino-acjg :
removal 9800 59 0.93 63 0.24
After anion remova] 5130 48°%; 78¢ 0.40 57°; 84¢ 0.19

¢ Determined on deproteinised Wwaste,
Decrease produced by anion €xchange,
¢ Overall decrease,
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were 78 and 84 Yes respectively. Non-reducing sugars were absent in the waste after
amino-acid removal—probably as a result of hydrolysis caused by the low pH of the
waste (1.5 t0 1.9) after cation-exchange. This hydrolysis may be reflected in the increase
in reducing sugars shown in Table 4; the subsequent decrease in reducing sugars is
unexplained. .

3.2. Elution of acids

For the early runs, acids were eluted (as ammoﬁiuni salts) with 780 ml of 1 N-NH,OH—
a little over 50% in excess of the calculated column capacity. This also served to re-
generate the free-base form of the resin. Flow-rate for this step and for the first bed -

Elution volume (L

Figure 2. Effect of eluate recycling and NH,OH strength on concentration of ammonium salts.
— 45 N-NH,OH recycled; ——> 4 N-NH,OH;——— 2 N-NH,OH; —*—" 1 N-NH,OH.

yolume of the following water-rinse (salts and NH,OH still being eluted) was 3.6
b.v./h. For later runs, including those made for the influent flow-rate and temperature
studies, the regenerant was 390 ml of 2 ~-NH,OH. T he same low flow-rate was used for
all regenerant concentrations. -
In a study of conditions for obtaining the maximum concentration of salts, runs
were made using 1and2 ~-NH,OH in the amounts given above. Runs were also made
with 320 ml of 4 n-NH,OH. After one 4-~ run, 400 ml of that part of the eluate and
"rinse most concentrated in acids was mixed with 102 ml of concentrated NH,OH—
enough to make the solution approximately 4.5 N in free NH,OH. Of this 320 ml was
used as regenerant for the next run. This recycling was repeated three times. Eluate
fractions were dried to constant weight to determine salt concentrations. Figure 2
shows typical curves for ammonium salt concentration at each regenerant strength



. Ammonium sqlt concn (%)
Total weight ( q)

1 2 3 4
Times recycled

Figure 3. Effect of eluate recycling on concentration and weight of ammonium salts, ——, Maximum
concn; - — — total weight; —.__ *s average concn, .

one peak, Paper chromatography revealed it to be g mixture of at least three or four
components. The use of 3:1 acetone-25 9/ CC13(;OOH as eluting solvent!2 produced
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_two major spots with Ry 0.47 and 0.61. The elution volume of the material from the
analytical column and the fact that it reduced the molybdate spray reagent of Hanes
and Isherwood!? indicated it might contain organic phosphates such as sugar phos-
phates, nucleotides or phytic acid. Also, its infrared curve showed no carboxyl and
only slight C-H absorption compared to the highly polar groups present; one broad
band at 2900 to 3100 cm-! could be OH on either phosphorus or sulphur. In spite of
this, however, analysis of the material showed only 0.3 %, phosphorus and there was
very little chromatographic evidence for the above phosﬁhates. Some indication of the
presence of nucleotides was the fact that a «peard” under the lower major spot gave

a pale-brown colour reaction with p-anisidine spray reagent!* and absorbed light from
a 254-nm lamp. : : e

ABLE 5. Concentration and total weight of salts in NH,OH eluates

| a5, Comemtmtion o

NH,OH con- Salt concentration Total weight Volume of
centration Average® Maximum of salts * eluate®
(normality) (%) (%) ® (ml)

1 4.0 6.7 377 950° .

1 4.5 6.0 36.0 _ 800

2 — 11.5 — —

2 — 10.9 — —

2 6.8 10.8 . 342 500

2 6.0 10.5 30.2 500

4 7.7 140 31.0 - 400

4 7.9 : 154 31.6 400

4 7.9 14.8 31.4 400

a In the volume of eluate given in the last column.
b 100-ml fractions. Includes only fractions containing at least 0.5% salts.
¢ Major fractions 200 ml. '

In addition to the non-volatile acids determined the eluate must contain sulphite,

since NaHSO; had been added in ‘prepanng the original waste-water sO that recovered

products would be light-coloured. Anion-exchange influents were estimated to contain
about 0.007 mequiv. Jml of sulphite. Itis possible that the unidentified material may con-
sistin part of artifacts produced by sulphite reactions—but notin entirety, since analyses
of acids in unsulphited potato extracts also show an unidentified peak.

3.3. Rinse procedures

For standard runs, the water-rinse after acid adsorption consisted of a 120-ml down-
~ wash (to clear piping), 2 2.1 backwash at 75 9, bed expansion'and then a drainage of
140 ml to reduce the head of water. Elution of acids was followed by a 2-1 downwash
(at 12.0 b.v. [h after the first bed volume). These relatively large volumes of water were
used to insure that impurities did not accumulate on the column during the various
studies. In some runs the backwash was reduced to 634 ml 2b.v) and the final down-
~ wash to 951 ml (3 b.v.); this did not affect the column capacity.
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3.4. Commercial Ppossibilities

For plant operation, a three-column, continuous operation system could be set up
such as previously described for amino-acid removal. 6 [ this system, while one column
is being loaded, a second is acting as scavenger to reduce acid leakage and the third is
being eluted. If jt is assumed as before® that the plant produces 6760 gal’/hr of waste,
each column would require a bed of 417 gal (55.7 £t*%) of resin to achieve the 16.2
b.v./h flow-rate of the standard laboratory runs. If the slower rate (12.0 b.v./h) is
desired, 562 gal (75.1 ft%) would be needed.

The acid mixture recovered from the Wastewater was tested as a replacement for
phosphate detergent builders after first removing excess NH,OH from the eluate and
converting to sodium salts by passing through a cation-exchange resin in the sodium
form. A few drops of hydrogen peroxide were added to decolorize the solution and
brevent turbidity which otherwise formed on standing. Its pH was adjusted to 7.0 and
portions were tested with four different detergents. With three of these, the solution
performed about ag well as the control phosphate builder in washing ability, but there
Wwas considerable soj] redeposition on clean test-swatches. When the solution was first
adjusted to PH 10, a pH at which detergents are usually more effective, there wag im-
proved washing ability with only one of the detergents and there was stil] redeposition

f soil in spite of the addition of carboxymethylcellulose as a suspending agent. A
further difficulty at PH 10 was the fact that the pH of the solution decreased on standing,

of the Rohm and Haas Company for technical advice, They also
wish to thank Raymond G. Bistline Jr, for carrying out the detergent_builder tests
and for aid in thejr interpretation,
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